


Returned Sample Science Board (RSSB)

NASAHQ selectedan independentdiverse group of scientiststhat
represents the interests of future scientists who could analyze
samplescollectedby Mars 2020if the samplesare returnedto Earth



RSSB: Rationale

Oneof the core objectivesof the Mars 2020 missionis to preparea
scientificallyselectedand documentedcacheof sampledor possible
return to Earth by future missions Preparation of the most
scientifically compelling samples for possible analysis on Earth
necessitatesinputs and community engagementthat cannot be
adequatelyprovidedby the existingprojectteam nor the Mars 2020
instrumentPls

For this reason, the Mars 2020 project has chartered a team of
scientistsdrawn from the diverse array of disciplineslikely to be
iInvolved in the study of the returned samples,referred to as the
Returned SampleScience(RSSBoard Thisteam will counselthe
project by providing scientific guidance in the design,
Implementation,and plannedexecutionof the mission




RSSB: Structure

1. Cochairs:
David Beaty(JPL; Coordinator, Mars Chief Scientist)
Hap McSweer{Univ. of Tennessee; petrology, geochemistry, MER, CAPTEM chair)

2. Science Members: ~H-large member®lected for deep knowledge and interest in scientific
areas relevant to the study of samples from Mars [@ues¢officio

Andrew CzajgUniv. ofCincinnattj astrobiology-microfossils, organics, isotopes)
ElizabethHausrath(Univ. of Nevada; astrobiologgqueous geochemistry, W/R

interactions)
Chris HerdUniv. of Alberta; petrology, curation, meteorites, E3BG)
Munir Humayun(Florida StatéJniv;, radiogenidsotopes,traceslements, meteorites)
Scott McLennar{Stony BrookJniv; sedimentology, geochemistry, EEEAG, MSL, MER)
Lisa Pratt(IndianaUniv, astrobiologystable isotopes, sedimentology, MEPAG Chair)
Mark Sephton(lImperial College; organic geochemistry, astrobiology;iIB2E, M2020 SDT))
Andrew SteelgCarnegie Inst. Of Wash; astrobiology, PP, MSL, OCP, M2020 SDT)
Ben WeisgMIT; paleomagnetism, geophysics, planetary histories)
FrancisMcCubbin(JSCex-officio, petrology, appointed by JSC to represent curation)
Yulia GorevgJPLex-officio, RSS IS, instrumentatiaggochemistry, appointed by

M2020 as an interface between M2020 scientists, engineers and RSSB)

3. Observers:
Michael Meyer(NASA HQObserver for Mars Exploration Progral=P Lead Scientist)
Betsy Puge(NASA HQ, Observer for Planetary Protection)
Lindsay Hay$JPL, Observer fddars Sample Return CampaidiSR System Engineer)




Board
Responsibilities

RSSB: Responsibilities

.The Board’s primary role is to help wi

implications of various scien@ngineering trades, or other kinds of planning
options/questions, on possible eventual returned sample science.

. Work with the Mars 2020 Project Science office in the development of the requiremen

(Level 2/3/4) that relate to sample quality, sample preservation, or any other matter of
relevance to ensuring that the samples are as scientifically useful as possible if they &
returned to Earth.

. Provide technical data/information related to potential future RSS investigations as ne

to inform project decisionmaking.

4. Contribute as needed to formal projeldvel science planning documents.
. Maintain adequate documentation of deliberations and recommendations for the bene

of future returned sample science investigators.

. Provide input, as requested by the MSR campaign, as it directly relates to the 2020 m

and the preservation of sample science
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Observer Roles/
Responsibilities

. In recognition that the topics discussed by the RSS Board may have implications for r

beyond the science of NM020, three observer roles are established. It is intended that
establishing the ability to expeditiou

conclusions to these surrounding entities, we will promote convergence, and minimize

disconnects.
NASA HQ Mars program science.
NASA HQ Planetary Protection.
Mars Program Office, MSR Campaign Advance Planning.

. Itis intended that the observers will be copied on key correspondence and/or reports

the RSS Board, and that they will be invited to listen to RSS discussions so that they
better understand the rationale for conclusions reached.

. Itis not intended that the observers will contribute technical input to science discussic

of the RSS Board, unl echasrs. requested by
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RSSB: Sunset Clause

It is expectedthat the NASAselectedRSPBoard membersfor Mars
2020 will serve until establishmentof the Participating Scientist
Program(assumeabout 1 yearbefore launch),at whichtime, newRSS
Boardpositionswould be competed Thereconstituted Boardwould
guide the missionduring operationsconcerningRS3ssues,with the
overall leadershipof the Project Scientistand the ProgramScientist
Thus, the RSSBoard, as it is constituted in this charter, will be
dissolvedupon the announcementof competition for Participating
Scientists All scientistswho participatein the RS3oardare free to
competefor a ParticipatingScientistrole, but this prior servicewill not
guaranteeselection




Examples of RSS&sks

A Past
1. The effect of temperature on returned sampdeience

A Current
1. Landing site selection from the perspective of returned
sample science
2. Inorganic contamination, specificatiyngsten
3. Magnetic sudies

A Future

1. Procedural blanks for organic analyses
2. Dossier for cached samples



Task: The effect of temperature on
returned sample science

A Is the expected maximum sample temperature
associated with current M020 mission
Implementation acceptable?

A What is the priority to science for defending
current temperature requirements, should there
be future engineering requests to increase
them?
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Potential temperature ranges for
sample tube environments
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Bottom line: the samples will experience the highest temperature range while sitting on the surface

(where there is less insulation and less thermal inertia of surrounding spacecraft) and during drilling
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Sample Temperatures with Duty Cycling

A Expect to meet existing acquisition (psealing) sample temperature requirements

Depending on landing site, during woistsehot conditions expect to use dutgycling of corer and/or additional operationalriraints (such as not coring during peak diurnal temperatures
in summer) to keep sample temp below required temperature (30C or estimated maximum annual surface temp, whichever higher

A Simulation tool developed by Tim Szwarc (member of the M2020 Coring team) for his doctoral
dissertation

Accurately predicts thermal profile during core acquisition
A Results have been correlated by test data using instrumented rocks

Schedules duty cycling of coring operation based on mechanism telemsetig| location within core sample

control temperature, andarget temperature

Could be used to choose duty cycling for M2020 core acquisition

ApplicationgDoctoraldissertation).
http:// purl.stanford.edu/kx909xd7066

Szwarc, T. J. (2013hermal Modeling of Coring an
Drilling Operations for Solar System Exploration
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Predicted Temperatures Are Site Specific
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Investigations Considered

Scientific Investigatiorwhere thermal excursions may have an

adverse effect on the science outcome
T-1  Preservatiorof organiccompounds

T-2  Stableisotopeeffectscausedoy non-reversiblereactionsand diffusion
T-3  Effectson minerals sulfates,phyllosilicatesppalinesilica,zeolites
T-4  Watercontentof soilsor rocks

T-5 Amorphousmaterials

T-6  Possibleeffect of temperatureon putative martian organisms

T-7  Possibldemperaturerelated effect on oxidation/reduction

T-8  “Hediffusionin apatite

T-9  Fissiortracks,cosmicray tracks,andsolarflare tracks

T-10 Trappedgases

T-11 Magneticstudies



Maximum Allowed Temperatures
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Graphical representation of the maximum allowed temperature (or temperature range,
gray areas) for the 11 evaluated temperatigensitive scientific investigations.

Direct impact on M2020 engineering developmdnabilowing the RSSB temperature
report, M2020 engineers produced new models, with calculations for various degrees
of ALO; coating for maximum temperature not to exceed°Glinany partof the

sample tube (as opposed to the average tube ).




Abbreviated Summary of Findings

A The current mission baseline sample tube may rea®tf@epending on
site. Thigs an acceptable limiting temperature for most kinds of geological
materials and planned sample investigations. Howeseengineering goal
of 40-50°Cwould be desirabldéor analyses of some organic compounds,
hydrated sulfates, and amorphous materials.

A Lower temperatures can be satisfied without additional effort for landing
sites in the northern hemisphere. High temperature effects can be
mitigated if the headspace gas in the sample tube is kept low. In any case,
headspace gas should be captured and analyzed on return to Earth.

A Heating during drilling (open system) is potentially more damaging than
during caching (closed system).

A Temperature constraints for each kind of investigation are documented, so
appropriate defense against sample temperature increases can be

formulated once the landing site has been selected and geology is better
constrained.



Task: Inorganic Contamination

The proposed implementation of the Ma®20 sample collection
and encapsulation system would/could have the effect of adding
small amounts of certain inorganic components to at least some
samples. Is this contamination acceptable?

Of particular interest:

1. Samples collected using the WC bit appear to be orders of magnitude c
of compliance for tungsten.

2. The system may not be compliant for Ni, Zn, Mn, Sr, and Zr. Is the syst
close enough?

3. Is the system able to meet the current working requirement for Pb? If n
IS the associated science important?

4. Is C contamination in the form of WC, diamond, or the C in metal alloys
concern?

Initial ConclusionThe tungsten issues would have a significant effect on a key
RSS investigation (Wfgeochronology). Morattention needed.




Task: Landing Site Selection

(alphabetical order)

1- Columbia Hills (Gusev) Black elevation mask > 0.5 km
g: ngégr":'a'de Thermal Inertia masks:
g- .’{/tlazeroh Elevation above MOLA Geoid (m) < 150 = Dark Gray
- Mawrt 5
6- NE Syrtis L - EE < 100 = Light Gray
7- Nili Fossae High: 4000 Low: -5000

8- SW Melas



Task: Magnetic Studies

 Mars does not have a magnetic
field today

« However, ancient Noachian rocks LN
have strong remnant magnetic ' SO
anomalies

* Anevaluation of the effect of the
magnetic fields associated with the
actuators (and in particular, the
one that rotates the drill) on the
samples is needed



Summary

A TheRSSB functions as an organ within th€020 project,
acting as a component of the overall science team and
reportingto the Project Scientist.

A The RSSB is a group of independent scientists chosen to be
representative of a much larger population of sample
scientists in the broader scientific community.

A The RSSB evaluates questions presented to it by the Project
Scientist from the point of view of future sample analysts,
and renders expert judgments.

A The RSSB values theportunity to maintain communication
with NASA Planetary Protection and with the MSR concept
development.



